The platelet-derived growth factor receptor (PDGFR) is a receptor tyrosine kinase overexpressed
Introduction
Prostate cancer (PCa) is the second leading cause of male cancer -related death after lung cancer in the United States [1] . Currently, there is no standard approach for the treatment of clinically localized and locally advanced PCa. Treatment options include radical prostatectomy, radiation therapy, and watchful waiting. Alternative treatment methods for higher-risk patients now include the development of specific drug inhibitors of tyrosine kinase receptors. The tyrosine kinase inhibitor imatinib mesylate (Geevec; Novartis, East Hanover, NJ) has been successfully used in the therapy of chronic myeloid leukemia (CML) and in a rare subtype of mesenchymal tumors called gastrointestinal stromal tumors (GISTs). A recent phase II trial demonstrated a high rate of response in CML at all stages and still continues to result in durable complete response [2, 3] . In a phase II trial treating GISTs with imatinib mesylate, a partial response was described in 50% of the cases, compared to only a 10% response rate with the standard chemotherapy [4 -6] . Imatinib mesylate inhibits the receptor tyrosine kinase (RTK) Bcr -Abl, the oncogene found in more than 90% of patients with CMLG13 and CMLG1314, and other Abl RTKs such as c-kit, the stem cell factor whose oncogenetic mutation is seen in 95% of the patients with GIST, and the platelet-derived growth factor (PDGF)-b receptor [7] .
Binding of PDGF to its receptor leads to dimerization of two subunits, a and b, either as a homodimers or heterodimers resulting in autophosphorylation. The active receptor is able to recruit multiple signal transduction molecules containing SH2 domains, resulting in the initiation of various signal pathways [8, 9] . Known target pathways include the phospholipase C-gamma (PLC) [10] , src kinase [11, 12] , growth factor receptor -bound 2 (Grb2) [13] , and phosphatidylinositol-3-kinase (PI3K) pathways [14] . Therefore, there is increased interest in using inhibitors of platelet-derived growth factor receptor (PDGFR) in other diseases where these pathways are implicated.
PDGFR was recently reported to be expressed in 88% of PCa samples tested by immunohistochemistry [15] and also in its precursor lesion, prostatic intraepithelial neoplasia (PIN), suggesting that PDGFR expression is seen early in PCa progression [16] . The success of treating cancer associated with overexpression or abnormal activation of RTKs like CML or GIST with inhibitors of RTK leads to the development of a new therapeutic approach for the treatment of PCa. Thus far, two phase II trials have investigated the benefit of PDGFR inhibitors in the treatment of PCa [15, 17] and a third is currently being established with the purpose of developing strategies to identify patients with PDGFR expressing PCa prior to treatment [17] . In recent work, gene expression profiles containing PDGFR-b along with four other genes were found to be associated with a higher prostate-specific antigen (PSA) failure rate in men treated by radical prostatectomy for clinically localized PCa [18] . Therefore, due to the increasing interest in using the tyrosine kinase inhibitor imatinib mesylate as an adjunct to PCa treatment, we undertook the current study to characterize the frequency of PDGFR-b expression in a wide range of PCa samples, investigate associations between overexpression and other important pathologic and clinical parameters, and identify surrogate markers of PDGFR-b expression.
Methods

Prostate Sample Collection
Prostate tissues were taken from the radical prostatectomy series and the rapid autopsy program at the University of Michigan Prostate Cancer Specialized Program of Research Excellence (SPORE) Tissue Core. Institutional Review Board approval was obtained for the use of these samples. Clinically localized PCa samples used for this study were taken from a cohort of men, who underwent radical retropubic prostatectomy as a monotherapy (i.e., no hormonal or radiation therapy) for clinically localized PCa between the years 1995 and 2001. Tumors were staged using the Tumor -Node -Metastasis (TNM) system [19] . Tumors were graded using the Gleason grading system. The median age at time of surgery was 59 years (range 39 -77 years) with a median pretreatment PSA of 5.1 ng/ml (range 0.09 -47.3 ng/ml). Gleason scores ranged from 5 to 9, with 68% having either a Gleason score of 6 or 7. Processing of the prostatic tissue started within 20 minutes after surgical resection. The snap-frozen samples used for cDNA expression array analysis were all evaluated by the study pathologist. All samples were trimmed to ensure that >95% of the sample used represented the desired lesion. Areas of benign prostate tissue from prostates with PCa were used as normal adjacent tissue in these experiments. Metastatic PCa samples were collected from the rapid (''warm'') autopsy program as previously described [20] . In this study, metastatic PCa from 15 rapid autopsy cases performed from 1997 to 2000 were used. The patient's ages ranged from 40 to 84 years, with a median age of 65 years. All patients died with widely metastatic PCa after extensive treatment, which included antiandrogen and chemotherapy.
Tissue Microarray (TMA) Construction, Digital Image Capture, and Analysis
As previously described, high-density TMAs composed of samples from a wide range of prostate tissues were assembled using an automated tissue arrayer (Beecher Instruments, Silver Spring, MD) [20 -23] . Three to four 0.6-mm tissue cores were taken from each targeted lesion (i.e., benign PCa, or metastatic PCa) and placed into a recipient block. Digital images were acquired from the 4 mm-thick hematoxylin and eosin (H&E) sections as well as all immunostained TMA slides using the BLISS Imaging System (Bacus Laboratory, Lombard, IL). Protein expression was evaluated in a blinded manner using an Internet-based TMA presentation tool, TMA Profiler (University of Michigan, Ann Arbor, MI). The tissue sample diagnosis was confirmed and immunostaining was scored by the study pathologist for protein expression intensity. All data entered into the TMA Profiler were stored in a relational database. In order to stratify the clinically localized PCa cases into two groups based on their PDGFR-b protein expression, a TMA was constructed with 60 cases, which had already been used for expression array analysis [21, 24] . Three other validation TMAs were used, which contained benign prostatic tissue (118 cores from 51 cases), postatrophic hyperplasia (32 cores from 29 cases), high-grade PIN (8 cores from 5 cases), clinically localized PCa (287 cores from 109 cases), and metastatic PCa (116 cores of metastatic PCa from 30 cases).
cDNA Expression Array Analysis
As previously reported, the spotted glass cDNA microarray slides used in this study included approximately 10,000 genes from the Research Genetics human cDNA clone set [21, 24] . Fluorescently labeled (Cy5) cDNA was prepared from total RNA from each of the prostate samples. The reference samples, a pool of benign prostate tissue, were labeled using a second distinguishable fluorescent dye (Cy3) using a previously established protocol (http:\\www. microarrays.org). After labeling, the cDNA samples were neutralized, washed, and then applied to the microarray chips. After remaining in a hybridization water bath at 65jC overnight, the microarray slides were processed and scanned with a Genepix 4000 scanner (Axon Instruments, Union City, CA). Primary analysis was done using the Genepix software package. Images of scanned microarrays were gridded and linked to a gene print list. Initially, data were viewed as a scatter plot of Cy3 versus Cy5 intensities. Cy3-to-Cy5 ratios are determined for the individual genes along with various other quality control parameters (e.g., intensity over local background). The Genepix software analysis package flags spots as absent based on spot characteristics. Furthermore, bad spots or areas of the array with obvious defects were manually flagged. Spots with small diameters (<50 mm) and spots with low signals strengths (<350 fluorescence intensity units) over local background in the more intense channel were discarded. Flagged spots were not included in subsequent analyses. Data are the ratio of the fluorescent cDNA probe signal hybridized against the reference pool.
Immunohistochemistry
After paraffin removal and hydration, the TMA slides were immersed in 10 mM citrate buffer placed in a pressure cooker chamber and microwaved for 10 minutes for optimal antigen retrieval. Immunostaining was performed using a Dako autostainer (Dako, Carpinteria, CA). Primary antibodies [anti -PDGFR-b monoclonal (18A2), sc-19995, Santa Cruz Biotechnology, Santa Cruz, CA; anti -PDGFR-a and anti -PDGFR-b monoclonal, Upstate Biotechnology, Inc. Lake Placid, NY] were incubated for 45 minutes at room temperature (RT) in a 1:50 dilution and a secondary biotin-labeled antibody for 30 minutes. Streptavidin LSA amplification method (Dako K0679) was carried out for 30 minutes followed by peroxidase/diaminobenzidine substrate/chromagen. The slides were counterstained with hematoxylin. Membranous (PDGFR-b) protein expression was determined by the study pathologist (M.A.R.) and immunohistochemistry was scored as negative (score = 1), weak (score = 2), moderate (score = 3), or strong (score = 4), by using a system that has been previously validated on several TMA studies [20, 21, 23, 25] .
Stimulation of PDGFR-Phosphorylation in NIH-3T3 Cells
NIH-3T3 cells were incubated at 37jC and 5% CO 2 . To enhance phosphorylation of PDGFR-b, the cell line was stimulated with 100 ng/ml PDGF in serum-free DMEM for 10 min. Three 75-cm 2 cell culture flasks were trypsinized, and the cells were washed in phophate-buffered saline (PBS) and fixed in 10% formalin for 1 hour. After another step of washing with PBS, the cell pellet was gradually dehydrated in increasing concentrations of ethanol (75 -95%) and embedded in paraffin. Phosphorylated PDGFR-b was detected with a phospho-PDGFR-b -specific antibody (no. 3161; Cell Signaling, Beverly, MA) at a dilution of 1:50 following the same protocol as described above.
Western Blot Analysis for Phospho-PDGFRTo ensure that PDGFR-b was phosphorylated in the NIH-3T3 cells, the cells were incubated in the presence of 100 ng/ml PDGF in serum-free DMEM for 10 minutes. Cell lysis was performed with lysis buffer (1% NP-40, 50 mM Tris HCl, pH 8, 100 mM Na-fluoride, 30 mM pyrophosphate, 2 mM Na-molybdate, 5 mM EDTA, 2 mM Na-vanadate, 10 mg/ml aprotinin, 10 mg/ml leupeptin, 1 mM PMSF, and 2 mM vanadate) on ice, and the cell lysates were homogenized by aspiration in a syringe. Protein estimation of the lysate was carried out using a protein quantification kit from Bio-Rad (Hercules, CA). Twenty micrograms of lysate (treated and untreated) was loaded on the gel and electrophoretically separated (12% precast sodium dodecyl sulfate polyacrylamide gel; Invitrogen, Carlsbad, CA). The protein was transferred on to a nitrocellulose membrane (Schleicher and Schuell, Riviera Beach, FL) and the membrane was stained with Ponceau red and washed for 5 minutes twice with phosphate-buffered saline with Tween 20 (PBST). Blocking was carried out in blocking buffer (10 ml PBST containing 5% wt/vol nonfat dry milk) for 2 hours at RT. The membrane was washed five times with PBST (5 minutes each) and incubated with the primary antibody (no. 3161; Cell Signaling) at 4jC overnight. After the membrane was washed five times with PBST (2 Â 5 minutes, 3 Â 15 minutes), it was incubated with secondary antibody (antigoat HRP; Caltag Laboratories, Burlingham, CA) diluted 1:4000 in PBST containing 5% wt/vol BSA for 2 hours at RT and washed five times with PBST (2 Â 5 minutes, 3 Â 15 minutes). Detection was carried out using an enhanced chemoluminescence (ECL) reagent (Amersham Biosciences, Piscataway, NJ).
Statistical Analysis
Primary analysis of the cDNA expression data was done using the Genepix software (Axon Instruments). Cluster analysis (Stanford University, Palo Alto, CA) and generation of figures with TreeView were performed using software developed by Eisen et al. [26] . The significance analysis of microarray (SAM) software program (Stanford University) was used to assign a score to each gene on the basis of change in gene expression relative to the standard deviation of repeated measurements [27] . For genes with scores greater than an adjustable threshold, SAM uses permutations of the repeated measurements to estimate the percentage of genes identified by chance, referred to as the false discovery rate (FDR). SAM analysis was performed on cDNA expression array data that are now in the public domain [21] . Cluster, TreeView, and SAM software can be obtained at http://www.dnachip.org (Stanford University). Multiple public expression array data sets were interrogated using Oncomine (http://www.Oncomine.org). Additional statistical analysis was performed using SPSS (SPSS, Chicago, IL). At the univariate level, Kaplan-Meier analysis was used to evaluate the cumulative risk of PSA failure following prostatectomy. Multivariate analysis using Cox hazards regression was used to evaluate clinical pathology parameters and PDGFR-b expression.
Results
cDNA Microarray Analysis of PDGFR-a and PDGFR-
Examination of a range of prostate samples from benign to metastatic PCa demonstrated different expression patterns for PDGFR-a and PDGFR-b. PDGFR-a showed a nonsignificant decrease in expression (data not shown), whereas PDGFR-b showed no significant dysregulation with PCa progression ( Figure 1A) . For example, a modest but statistically insignificant difference was observed between localized PCa and metastatic PCa for PDGFR-b expression. We performed a focused evaluation concentrating on the localized PCa samples to determine if there is a subset of tumors, which overexpress PDGFR-b. Approximately 5% of clinically localized PCa demonstrated overexpression of PDGFR-b, suggesting that this is a rare phenomenon in clinically localized PCa ( Figure 1B ). Using Oncomine (http://www.oncomine.org), a newly developed database tool developed by one of the coauthors (A.M.C.), we were able to interrogate four other expression array datasets that contained information on PDGFR-b expression on clinically localized PCa [28 -31] . After normalization of the expression array data, as previously described [32] , the results of this analysis are presented in Figure 1C using error bars with 95% confidence intervals. None of the five studies containing 100 clinically localized PCa demonstrated a two-fold overexpression in any sample. Table 1 presents the median normalized expression levels.
PDGFR-Is Overexpressed in a Fraction of PCa at the Protein Level
As the cDNA data demonstrated an upregulation solely for the b-subunit of PDGFR and this subunit has previously been reported to be associated with cancer progression [33 -35] , we focused the analysis on the b-subunit. In order to characterize PDGFR-b protein expression and evaluate its potential association with PCa progression, PDGFR-b protein expression was evaluated on a large number of clinical samples from men with either localized or metastatic PCa. Figure 1D demonstrates examples of weak (staining score = 2 of 4) and strong (staining score = 4 of 4) protein expression as determined by immunohistochemistry. Using a system that is reproducible and tested [21,23 -25,36,37] , protein staining intensity evaluated as either negative, weak, moderate, or strong was assigned a numeric score of 1, 2, 3, or 4, respectively, for purposes of analysis. 
Detection of Phosphorylated PDGFR-in Formalin-Fixed, Paraffin-Embedded Tissue
The expression array analysis, consistent with previous studies on PDGFR-b expression in PCa [15, 38] , examined the expression of the receptor and not specifically its activated or phosphorylated form. The initial study objective was to evaluate the activated form of PDGFR-b in formalinfixed, paraffin-embedded tissues. Multiple protocols and phospho-specific antibodies were tested before concluding that the phosphorylation status could not be reliably determined in formalin-fixed samples. These results are summarized in the following experiments. NIH-3T3 cells, a fibroblast cell line, were stimulated with PDGF-b to increase the presence of phosphorylated PDGFR-b as has been previously described [39] . Figure 2A shows immunoblot detection of phospho-PDGFR-b in stimulated-but not unstimulated-NIH-3T3 cells. Both stimulated and unstimulated NIH-3T3 cells were fixed and embedded in paraffin. PDGFR-b expression was detectable at the weak to moderate levels in both stimulated and unstimulated cells with the anti -phospho-PDGFR-b antibody ( Figure 2B ). Anti -PDGFR-b detected the receptor in both samples at similar levels ( Figure 2B ). This experiment demonstrates that antibodies against the phosphorylated form of PDGFR-b do not appear to specifically detect phosphorylated PDGFR-b in paraffin-embedded tissue. As we intended to characterize the fraction of patients with PCa that would be suitable for RTK inhibitor treatment, we chose to use a nonphospho-PDGFR-b antibody. Therefore, taking this approach, we most probably are overestimating the number of PCa that are suitable for treatment targets.
DNA Microarray Characterization of PDGFR--Positive PCa
Hierarchical clustering of the PCa samples did not stratify the tumors based on their PDGFR-b expression. Therefore, a supervised approach was used. PDGFR-b overexpression, even in a small subset of PCa, suggests that targeted treatment would be aimed at those tumors that differ in their expression profile. Patients with high PDGFR-b expression might be the most suitable candidates for drug treatment. Therefore, in order to characterize PDGFR-b overexpressing tumors from low-expressing tumors, we used two analytic strategies. We performed a supervised analysis using SAM [27] by stratifying cases based either on their PDGFR-b transcript or protein expression level with the goal of finding other genes or pathways associated with overexpression. In the first analysis, we divided the PCa cases into those with high PDGFR-b transcript level as determined by cDNA expression analysis and those with low PDGFR-b transcript levels. In the second analysis, we used the TMA results from the same tumors represented on the cDNA arrays to create two classes of localized PCa based on PDGFR-b protein expression (i.e., absent versus present at any level). Both methods led to similar sets of dysregulated genes. As demonstrated in Tables 3 and 4 , PDGFR-b overexpression was associated with a 3.8-fold increase in early growth response 1 (Egr1). Egr1, a 59-kDa polypeptide with several DNA-binding domains, acts as a transcriptional activator and its expression is induced by several agents including tissue damage, hypoxia, and growth factors including PDGF [40] . Connective tissue growth factor (CTGF) was also found to be upregulated 3.1-fold in the PDGFRb -overexpressing cases. CTGF is a downstream effector of TGF and physiologically supports cell growth, cell development, and cellular differentiation. As a member of a family of immediate early genes, it is involved in cellular proliferation, embryogenesis, and wound healing, and also in inducing the synthesis of extracellular matrix. Activating transcription factor 3 (ATF3) was upregulated three-fold. In its homodimeric form, ATF3 acts as a transcriptional repressor and, in heterodimeric form (e.g., with c-Jun), as a transcriptional activator. This gene was previously seen to be upregulated in PCa [40] . a-Methylacyl-CoA racemase (AMACR), an enzyme for peroxisomal b oxidation of branched chain fatty acid molecules, known to be overexpressed in the majority of PCa was 2.1-fold upregulated [23, 25, 37, 41] .
Downregulation of genes was not as dramatic as the upregulation in the clinically localized tumors. The most highly downregulated gene in PDGFR-b -expressing PCas was Down syndrome critical region 1, an evolutionary conserved protein that is located on chromosome 21 and found to be overexpressed in Down syndrome. This gene was 2.9-fold underexpressed in PDGFR-b -expressing PCa.
A heat map showing a gene expression profile of the five PCa cases from our dataset that expressed PDGFR-b at the lowest level and the seven cases that expressed PDGFR-b at the highest level, respectively, is presented in Figure 3 . This map summarizes the dysregulated genes identified through the supervised analysis from the TMA data. PCa cases stratified as PDGFR-b -overexpressing all had a staining intensity from weak to strong, whereas the PCa cases stratified as PDGFR-b -underexpressing showed an absent staining. As the heatmap resulted from this supervised analysis of the expression of PDGFR-b at the protein level, the differences in the gene expression levels among all cases were subtle.
Discussion
The main goal of the current study was to characterize the expression of PDGFR in a broad range of prostate tissues and thus to determine the potential spectrum for the use of the tyrosine kinase inhibitor imatinib mesylate. As previous work suggested that the b-subunit of PDGFR is responsible for a myriad of cellular functions such as migration and proliferation and is also responsible for the angiogenic effect of PDGF [33 -35] , this study concentrated on the evaluation of expression of the b subunit.
Recent work suggested that PDGFR, a RTK, is expressed in a high fraction of PCa [15] and therefore may represent another possible target of imatinib mesylate or other RTK inhibitors such as SU101. Results from a phase II clinical trial, using the selective transient inhibitor of PDGFR autophosphorylation SU101 to target PDGFR as possible cause for development and progression of PCa in patients with hormone-refractory prostate carcinoma, found only modest clinical benefits [15] .
Recent data linked PDGFR-b expression to PCa progression. Ko et al. [15] reported a significantly higher level of PDGFR expression in PCa describing PDGFR expression in 88% of primary and 80% of metastatic PCa. Chott et al. [38] also reported similar PDGFR expression levels in clinically 
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localized and metastatic PCa. These levels of expression are significantly higher than those reported in the current study.
There are a few explanations for these differences. Chott et al. focused solely on the expression of the a-subunit and analyzed a small cohort consisting of eight patients. In the study by Ko et al., both PDGFR subunits were detected in a cohort of 44 patients with hormone-refractory (metastatic) PCa. In the current study, we used a broad spectrum of PCa tissue ranging from high-grade PIN to localized PCa and hormone-refractory metastatic PCa in a cohort of 204 PCa patients. Therefore, an explanation for the vast differences of PDGFR expression levels in these studies compared to ours may reside in the use of different study populations.
To get the widest perspective of PDGFR expression in PCa, we examined a significantly larger set of cases drawn from a wide range of patients with clinically localized PCa and advanced hormone-refractory PCa as compared to the previous work. Another possible explanation is that Ko et al. used different cutoffs for grading PDGFR expression. They considered weak staining as positive, whereas we considered moderate and strong staining as positive. At least at the transcript level, the cDNA microarray data demonstrated PDGFR-b to be expressed in only a small subset of PCa patients-a finding that was supported by the Figure 3 . Dysregulation of genes associated with PDGFR-status in localized PCa. Supervised expression array analysis was performed using SAM. Cases were divided into high and low PDGFR-expression based on protein expression using a high-density tissue microarray. This heat map demonstrates set of genes consistently over (red) and under (green) expressed in PCa, which either showed the highest (left) or the lowest PDGFR-expression (right) at the protein level (see Tables 3 and 4 for details).
immunohistochemistry results for PDGFR-b, which demonstrated expression in only 5% of localized PCa and 16% metastatic PCa. Given only a moderate effect of PCa treatment with imatinib mesylate reported by Ko et al., one possible conclusion is that a nontargeted approach may not work as well as determining the PDGFR-b expression prior to treatment.
In the second phase of analysis, we also wanted to concentrate on the extreme cases, which demonstrated unquestionable protein expression. Ideally, we would have preferred to measure the activated form of the PDGFR-b. However, as we were not able to get these antibodies to work specifically in a large number of prostate tissues including positive controls, we performed a cell line experiment to convincingly demonstrate that reliably detecting activated PDGFR-b is not feasible with currently available reagents. In a cell line experiment, we detected phospho-PDGFR-b in Western blot analysis of cell lysates only from PDGF-stimulated NIH-3T3 cells but were unable to discriminate PDGFR-b activation in the same samples once they were fixed in formalin and embedded in paraffin. This limits the use of immunohistochemistry as a reliable method to distinguish PDGFR-b activation. The antibodies against phosphorylated PDGFR are presently not suitable for clinical use of PDGFR detection in PCa sample. The current study estimated that PDGFR-b in PCa is low. As few as 5% of patients with clinically localized PCa may benefit from RTK inhibitor treatment. We also recognize that this figure probably overestimates the percentage of tumors with activated PDGFR-b.
In the current study, PDGFR-b protein expression was not associated with poor prognostic indicators including elevated preoperative PSA, large tumor size, higher Gleason score, higher tumor stage, or PSA failure following surgery. Due to multiple clinical factors such as time of diagnosis, PDGFR-b expression may not always be associated with a higher risk. In recent work by Singh et al., although PDGFR-b was included in a multigene model for higher risk of biochemical failure following treatment, PDGFR-b alone was not determined to place the patient at higher risk of developing a biochemical failure [18] .
The second goal of this study was to identify other genes that may be coexpressed in PDGFR-b -positive tumors, with the hope of identifying surrogate markers of PDGFR-b expression and/or alternate pathway targets. This was accomplished by stratifying cases not by tumor progression as we have done previously [24] , but instead by evaluating the PDGFR-b expression at the transcript and protein levels and then dividing cases into high and low expressors. This approach examines extreme cases in order to identify important trends due to, or associated with, the PDGFR-b pathway. This process is an exercise in hypothesis generation with the goal of identifying more reliable and perhaps robust biomarkers that could serve as surrogate markers of activated PDGFR-b expression.
The majority of genes upregulated with PDGFR-b overexpression were involved in the induction of cell proliferation, migration, and angiogenesis. In addition, for most genes, an overexpression had been reported in various cancers previously. The gene that was upregulated to the highest level concurrently with PDGFR-b was the immediate early growth response gene Egr1, which acts as a transcriptional activator. Egr1 expression itself leads to an increase in growth factor expression including PDGF and, as such, induces cellular proliferation and contributes to tumor progression in PCa by accelerating tumor growth, also via accelerated angiogenesis [42] . Although Egr1 was shown to enhance the expression of the growth factors PDGF and TGFb1 between 30-fold and 60-fold, we did not observe overexpression of these downstream effectors, or of the other known effectors such as IGF II, EGF, or FGF. PDGFR activation and Egr1 lead to many similar effects, such as cellular proliferation, differentiation, and also angiogenesis, indicating that there might be a closer connection of these two proteins. Overexpression of PDGFR-b was significantly concurrent with a greater than four-fold upregulation of Egr1, which also suggests that the use of this protein as a surrogate marker for PDGFR-positive PCa may be feasible.
Advances in targeted drug therapy will require identifying cohorts of patients most likely to benefit from treatment. In the example of imatinib mesylate, where there are minimal drug-related side effects, overtreatment is not as great a riskto-benefits issue. However, other novel drugs may have more associated serious side effects, making their use only appropriate in cases suspected to respond. The vast majority of CML and GISTs demonstrate an overexpression or abnormal function of RTKs, and, therefore, treating all patients with imatinib mesylate is a reasonable strategy. In solid tumors, such as PCa, only a small fraction of patients is likely to benefit from imatinib mesylate treatment as demonstrated in the current study. Therefore, we anticipate that advancing molecular techniques will play an important future role in identifying these susceptible cohorts. This ideally needs to be done before treatment, and identifying PDGFR-b expression on prostate needle biopsy samples or performing wide-scale genome profiling on biopsy material may be the best way to determine treatment decisions. As suggested by Sauter (personal communication), TMAs may be useful in retrospectively determining which previously treated patients may benefit from newly developed adjuvant drugs. Using a TMA screening technique, as described in this study, one could identify (even if the overall numbers were small) patients most likely to benefit from treatment.
In summary, by cDNA microarray analysis, we were able to show that PDGFR-b expression was upregulated in considerably smaller subpopulations of localized and metastatic PCa than has been previously reported. No associations were identified between PDGFR-b expression and other pathologic or clinical parameters. A number of genes are upregulated and downregulated along with PDGFR-b including Egr1, AMACR, and neuroblastoma suppressor of tumorigenicity. The exact role of these genes in PDGFR-boverexpressing tumors remains unclear and must still be determined but may characterize a subset of tumors that proliferate at least in part by PDGFR pathway. Our findings give experimental data for the limited likelihood of success in treating all PCa patients with drugs targeting PDGFR. Determining the PDGFR expression prior to treatment for selection of patients amenable for RTK inhibitor treatment should result in a higher percentage of treatment responders.
